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INTRODUCTION 


Deep  ocean  submersibles  often  employ  an  open  frame  comtuictnm  which  mvossitates 
locating  hydraulic  components  duvetlx  m  seawater  t  he  noise  produced  In  the  hxdraulic 
components  is  therefore  duvetlx  transmitted  to  the  water  Hie  submersibles  geuorallx  mpniv 
siimiltancous  use  oi  then  piopulsix-c  capability  and  acoustic  sensing  ns  eativmg  out  the 


An  investigation  was  pe;«oimed  uudet  the  IVep  Keooxeiv  Systems  Program  duttug 
l 0  "v- !  °" 5  to  va  ablate  the  aeoustte  noise  outputs  oi  olY-thC'shelf  hydraulic  evutipouettls 
hov  the  purposes  ot  this  test  senes  the  acoustic  vompatihihty  ix'ipurements  used  weiv  those 
tor  the  RIANS  t  he  ohiccli'v  was  to  test  axailahU?  components  and  select  those  xxtth  accept 
able  acoustic  xiutputs  lor  use  in  the  RIAN'S  hydraulic  '\  stem  t'he  cvimpoucuts  wvie  cxaluatcd 


under  exxnddwxns  that  would  be  seen  m  the  RIAN'S  s\  stem,  i.e  ,  a  lODO-pstg  \\  stem  xvith  a 
piessiue  eompx.  sated  tvsvnou  bout  types  of  components  xvete  acoustically  tested  and 


evMnpaved  nuxtors.  pumps,  sebef  valves.  and  semx  valxvs 


Vests  wvie  nut  with  atmosphei tc  tvtnin  line  piessiue  and  ekwated  iviuiti  into  ptvsstnv 
to  sttmilatx-  the  effect  o!  mcieased  ambient  piessuiv  on  the  muss'  output  of  the  components 
when  ths'x  ate  x's'mpensated  *.o  site  higher  ambient  pressures  at  depth.  Hits  was  done  b\  m- 
eicasing  the  teUitn  hue  piessuiv  while  maintaining  a  UKKhpsi  slitTeivntial  presMite  Hydraulic 
noise  output  max  be  signituantlx  ivdtnvd  by  hack  prosMiimg  the  components  ahxwe  *»so  psi 
Hus  high  ptvssutx'  eliminates  eaxitatiou  and  its  attendant  noise  m  the  ex’iupoueuts,  imheating 
that  a  h\  draube  s\  stem,  piessiue  compensated  to  ambient  pix'sstiie.  will  be  much  xpnotei  at 
depths  below  IO00  feet,  wlunv  the  piessme  is  approximately  ’ISO  rxi 

Graphs  ui  the  recorded  aeoustie  sigualutes  am  shown  in  i he  appendixes 


HVCKGROl’NU 


Vhe  R VAN'S,  illustrated  conceptually  m  figure  I .  o  ik'signs'd  to  pei  form  a  xanotx  of 
enginesuing  am!  scientific  tasks  at  swan  depth  s  xxt  o.lOO  metres  v  ,'0,000  tee  it  It  is  a  ntatoi 
element  of  the  Navy 's  Hoop  Ocean  Vsvlutsxlogx  (HO  p  protect  RIAN'S  nro\ ules  eoxerage  ot 
mote  than  °S  percent  oHhe  ocean  flooi 


I'o  axvomphsh  a  yvuto  xauefx  ot  missions  istielt  as  ixwxvtx,  repair,  emplantment, 
survey.  documentation,  and  gaihenug  of  oceanographic  data'*,  a  modular  design  appixsieh  lias 
boon  taken  Hie  RIANS  wvwk  suit  consists  id  a  mampulatoi  par,  with  mteivliangeable  tools 
te.g„  drilling  and  cable  cut! mg'!  Vhe  work  suit  simulates  man's  presence  m  the  remote  xehtole 
to  achicw  ma\tmum  versatility  m  its  operation 


maintenance  van  ,.genebatobs 


The  electromechanical  tether  cable  for  RUWS  employs  a  Kevlar  strength  member  and 
single  coaxial  electrical  member.  Power  and  command/control  signals  to  the  vehicle  and  the 
wide  bandwidth  video  and  sensor  data  from  the  vehicle  are  simultaneously  transmitted  on  the 
tether  cable  through  use  of  time  and  frequency  multiplexing  techniques. 

Hydraulically-powered  systems  were  selected  to  perform  the  RUWS  mechanical  func¬ 
tions  because  of  their  tolerance  to  high  ambient  pressures  and  their  inherent  versatility  through 
simple  variable-speed  controls.  Hydraulic  systems  are  compact  and  offer  a  low  weight-to- 
power  ratio.  Weight  is  significant  because  of  the  high  cost  of  syntactic  foam  that  is  needed  to 
provide  vehicle  buoyancy  at  depths  to  6.100  metres  (9.000  psi). 

Another  tnajoi  factor  for  selecting  electrohydraulic  propulsion  systems  over  electric 
propulsion  systems  was  that  controllable  electric  drive  motors  would  cause  a  varying  electrical 
load  which  would  produce  large  line  voltage  variations  at  the  vehicle  due  to  the  1R  (current 
X  cable  resistance)  loss  in  the  cable.  The  RUWS  system  uses  a  8.3 1 5-metre  (24.000-foot) 
coaxial  electromechanical  cable  that  transmits  up  to  45  kVA  of  60-Hz.  3000-volt  power  to 
the  PCT  and  vehicle.  The  electrical  control  and  information  signals  are  time-division  multi¬ 
plexed  onto  the  coaxial  power  cable.  The  sensitivity  of  the  multiplexing  circuitry  requires  a 
fairly  constant  voltage  level.  Large  voltage  regulators  with  their  attendant  high  heat  load 
would  be  required  for  large  line  voltage  variations.  By  operating  a  fixed-displacement  hydrau¬ 
lic  pump  at  a  constant  speed  and  throttling  excess  oil  flow  through  a  relief  valve  the  electric 
pump-drive  motor  is  under  constant  load,  thereby  minimizing  the  electrical  current  variation. 

Hydraulic  propulsion  systems,  however,  tend  to  produce  more  noise  than  electric  pro¬ 
pulsion  systems.  Components  in  a  hydraulic  system  considered  to  be  major  noise  producers 
are  pumps,  motors  and  valves. 

The  objective  of  this  program  was  to  select  several  commercially  available  hydraulic 
pumps,  motors  and  valves  as  eondidatc  components  for  the  RUWS  electrohydraulic  propul¬ 
sion  system,  perform  acoustic  tests  on  the  components,  and  select  the  quietest  components 
that  would  fit  the  requirements  for  the  RUWS  hydraulic  system. 

SYSTEM  OPERATING  REQUIREMENTS 

The  components  in  RUWS  suhmersibies  requiring  electrohydraulic  power  consist  of 
the  thruster  drives,  vehicle  tether  winch  and  traction  drives,  and  the  vehicle's  work  suit  (mani¬ 
pulators,  camera  gintbal.  and  special  tool  drives).  Figure  2  depicts  the  RUWS  vehicle,  its 
thrusters  and  work  suit.  The  thruster  arrangement  provides  four  degrees  of  propulsive  control: 
vertical,  transverse,  fore  and  aft,  and  yaw. 

The  vehicle  work  suit  (reference  1 )  consists  of  a  seven-function  manipulator,  a  four- 
function  grabber,  a  TV-camera  pan  and  tilt  gimbal,  and  various  work  tools.  The  work  suit  is 
electronically  controlled  and  hydraulically  powered.  To  meet  the  design  performance  goals 
for  the  work  suit,  1000  psi  was  needed  for  the  hydraulic  supply  pressure,  and  therefore  1000 
psi  was  selected  for  the  RUWS  vehicle  system  pressure.  Candidate  hydraulic  components 
selected  for  use  on  the  vehicle  were  tested  at  1000-psi  differential  pressure  for  the  acoustic 
compatibility  evaluation. 

1.  Marronc,  R.  A,,  J,  Held,  and  R.  W,  Uluich,  “Manipulator,  Grabber  and  Tools  for  the 
RUWS  Work  Subsystem",  NUC  TN  SIS,  Volume  2.  November  1972. 


ACOUSTIC  COMPATItU LITY  CRITERIA 


Prior  to  fleeting  components  for  the  power  system  it  is  necessary  to  establish  the 
Operating  ranges  for  the  submersible  s\  stem's  acoustic  sensois,  The  .iccustn  frequency  baud 
for  the  RUWS  search  and  igation  s\  stems  am  shown  in  figure  3  (references  ’  and  3).  To 
achieve  acoustic  compatibility,  the  acoustic  output  of  the  hydraulic  components  must  be 
minimised  in  the  operating  bruls  of  the  various  RUWS  acoustic  sensors. 


o  SO  100  15Q  200 

FREQUENCY  ICH;) 

Figure  3,  RUWS  acoustic  frequency  spectrum. 


Volbetg.  H.  W„  "Spevittcauons  for  Vehicle  Seaivh  Souai  (YSSt  Equipment”.  NtT  Hawaii  l abotatoty 
Code  053 1 ,  December  1071. 

Voiherg.  H,  W„  "Specification  for  Long  Range  Tracking  Sonar  (LRTSi  and  Altimeter  Equipment 
for  die  Remote  Unmanned  Work  System”.  NI  C  Hawaii  Laboratory.  Code  o53l.  Febmary  1972. 


COMPONENT  St  t  IX' 1I0N 


t  he  hydraulic  power  and  propulsion  system  used  on  ROWS  vs  shown  schematically 
m  figure  4.  the  schematic  ss  simplified  fa  show  onl\  one  propulsion  motor  and  one  typical 
actuator  The  system  is  typical  oi  mast  tt\  di.mlu  systems  eousistmg  of  a  pnme  moves',  pump, 
teliet  valve,  proportional  control  valves,  motors.  h\  drauisc  cylinders  and  a  heat  exchanger 


A  variety  of  eo-nmereial  hydraulic  components  were  selected  as  being  operationally 
suitable  tor  use  m  Uk  ClAYS  h\  drauhe  system  Th  C>v  C\Uit|HlltC**  ts  were  tested  underwater 
with  acoustic  uvsttumesUatson  to  determine  then  waterborne  acoustic  profile  under  simulated 
ROWS  operating  conditions,  live  following  components  have  been  tested 


Electric  Motors 


General  Electric,  Model  4K254A  K205 
Louis  Allis  Pacemaker  Motor 


Pumps 


Borg  Wanier.  Model  P4-2B 
Dc  Laval.  ModeflMO  A12-DB-I37 
Vickers.  Modei  V30-1F15F-ICL 
Racine  Supervane 
Hvdrastar.  Model  5-H1-20G 


Motors 


WSL  Model  35  Mark  VI* 

Nutron.  Model  MF  AV-2.5 
Char-Lynn.  Orbit  Model  AAS* 
Lamina.  Model  A-62F* 

Planet.  Model  MV-.93-A  1 A2B 1 A 1  * 


Servo  Valves 


Olsen,  Modei  S-5C 

Moog.  Model  74-  i  04 

Moog.  Model  35-A*76-l  5-E-05-6-A  4 

Sanders.  Mode*  SV-43S-10P 


Relief  Valves 


Republic.  Model  RG  70-2-3/4  S2-1/4 

Vickers.  Mod  '  CT-10-C-20 

Fluid  Controls.  Model  1 AR41-F10-30S 

Fluid  Controls.  Model  1 A32-R6-30S 

Circle  Seal.  Model  PI 0-776 

Rolamite.  designed  and  fabricated  at  NOSC 

♦Tested  at  Ku  Tree  Reservoir 


Tlte  electric  motors  were  necessary  for  test  purposes  to  drive  the  pumps.  Their  noise  outputs 
were  very  low  and  did  not  significantly  contribute  to  the  results  of  the  pump  tests  (graphs 
A-101  and  A- 102  in  appendix  A). 


COMPONENT  EVALUATION 

Tire  facilities  and  procedures  used  in  evaluating  the  candidate  components  are  des¬ 
cribed  in  the  following  paragraphs. 

TEST  FACILITIES 


The  initial  tests  were  conducted  at  Ku  Tree  Reservoir  (figure  5)  in  central  Oahu.  This 
site  was  desirable  because  of  its  large  water  volume  and  its  bottom  profile,  which  minimized 
reverberation  at  the  hydrophone.  Because  of  logistics  problems  encountered  at  that  remote 
test  site,  however,  the  tests  were  continued  in  a  Doughboy  swimming  pool.  2S  feet  in  diameter 
by  4  feet  deep  (figure  6).  Tire  reverberation  off  tire  walls  and  bottom  of  the  pool  produced  an 
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VALVE 

TOWER 


Figure  5.  Ku  Tree  Reservoir  test  layout. 


Figure  6.  Doughboy  swimming  pool  test  layout. 


E 


increase  in  ( he  measured  sound  pressure  levels,  but  the  shapes  of  the  noise  specimm  approxi* 
mated  those  reeonled  for  the  same  component  tests  at  the  reset  voit  (figure  ?).  It  was  observed 
that  tlte  sound  pressure  curve  shift  was  in  proportion  to  the  absolute  noise  level;  i.e..  the  in¬ 
crease  lit  sound  pressure  level  was  largest  lor  the  noisiest  components  and  less  for  the  quieter 
ones.  In  all  cases,  pool  readings  were  higher  than  open  water  readings,  so  the  use  of  pool  noise 
readings  for  component  selection  is  felt  to  be  on  the  conservative  side. 


Frequency  (km) 

legate  7.  Acoustic  tests  on  Moog  74  seivo  valve  continu¬ 
ing  swimming  poet  msnlt  with  Ku  Vive  Reset  voir  result. 

lu  Idlj  a  saltwater  test  (tool  was  built  at  the  NOSC  Hawaii  Laboratory  attd  was  then 
Used  for  further  acoustic  testing,  figure  8  illustrates  the  layout  of  the  saltwater  test  pool. 
Table  I  shows  which  components  were  tested  at  which  facility.  Only  those  components 
tested  tit  the  same  facility  should  be  compared. 

The  components  and  hydrophone  were  suspended  from  cantilevered  beams  and  sub¬ 
merged  half-way  to  the  bottom  of  (lie  pool.  No  hoses  or  brackets  touched  the  sides  or  bottom 
of  tlte  pool. 

A  hydraulic  test  stand  was  used  to  supply  pressure  attd  flow  to  the  motors  and  valves 
for  testing.  The  test  stand  was  equipped  with  pressure  gages  to  monitor  output  and  return 
pressures,  a  flowmeter  to  monitor  (low  to  tlte  components-,  attd  valves  to  control  output  and 
return  pressures  and  Hows.  Hydraulic  oil.  Ml  1.-15-5600,  was  used  hi  the  tests. 

SOUND  Ml* ASUHliiMIlN  f  EQUIPMENT 


Acoustic  measurements  were  made  using  a  Clevitc  Hydrophone,  Model  CS-531AAU 
(RMY).  which  consists  of  a  CH-3A  sensor  attd  a  C'A-dlAG  preamplifier  assembly.  This  system 
Was  Calibrated  by  Clcvtte  ami  had  a  Hat  response  of -66  ±  2  dd  reference  1  volt /microbar.  The 
hydtophorte  system  is  powered  bv  a  1 2-volt  battery. 
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To  convert  from  the  scope  reading  to  the  standard  units  of  dB//inierol,nscal/lIz/yd. 
the  following  relationship  was  used:  dll// 1  jul’a/Illz/l  yd  =  scope  reading  +  M8.2.  This  rela¬ 
tionship  is  derived  as  follows:  the  scope  reading  is  in  <IB  milliwatt  (dBm),  which  is  defined  as 
10  log  1000  j“".  The  following  equation  is  used  to  convert  scope  reading  to  dB  volts  (dBv); 


dBm*  10  log  1000  — 


where  R  *  50  ohms 


therefore: 


*  10  log  20  V- 
=  1 0  (log  20  +  2  log  V) 
=  13  +  20  log  V 
=  13  +  dBv 
dBv  =  dBm  -  13 


where  dBv  =  20  log  V 


*  scope  leading  =  13 

A  scan  bandwidth  (BVV)  of  300  Hz  was  used.  To  convert  to  a  i-Hz  BW,  10  log  BW  must  be 
subtracted  from  the  scope  readings.  Therefore: 


dBv// ,  U/  =  dBm  -  13-  lOlogBW 
=  dBm  -  13-  10  log  300 
=  dBm  -  13  -  24.8 
=  dBm  -37.8 


The  spectrum  analyzer  has  a  50-olun  shunt  resistor,  and  when  the  hydrophone  amplifier  is 
plugged  into  the  analyzer  the  voltage  that  the  scope  receives  is  one-half  the  open-circuit 
voltage. 


Since  voltage  into  the  scope  is  one-half  the  hydrophone  output,  a  correction  factor. 
20  log  2.  is  added  to  the  scope  readings.  Therefore: 

d  Bv// ,  1Iz  =  cl  Bm  -37.8  +  20  log  2 

-  dBm  -  37.S  +  6 


=  dBm  -  31.8 
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Finnic  '),  Hydrophone-analyzer  simplified  schematic. 


Hydrophone  sensitivity  must  be  subtracted  to  get  the  actual  sound  pressure  levels  at  the 
hydrophone.  Therefore: 

^11  \  microbar/1  llz  -  dBm  - ol.S  -  (-06) 

■  dBm  +  34.2 

To  determine  the  sound  pressure  levels  at  one  yard  spacing,  a  correction  factor.  20  log  I). 
must  be  added  to  account  for  the  spreading  loss.  The  absorption  loss  for  five  yards  spacing  is 
negligible  and  was  not  considered.  Therefore,  where  hydrophone  spacing  l)  =  5  yards. 

d,J// 1  microbar/1  Hz/1  yd  =  +  34‘2  +  20  UT  5 

=  dBm  +  34.2  +  14 


=  dBm  +  48.2 

A  microBaseal  is  equivalent  to  10*'*  microbar.  so.  in  dB.  the  zero  reference  on  the  tnicrobar 
scale  is  equivalent  to  100  dB  on  the  microBaseal  scale  Therefore: 

^ll\  microBascal/l  llz/l  yawl  “  4BnH-  48.2  +  100 

■dBm  +  148.2 


When  transposing  the  acoustic  curves  from  the  Polaroid  pictures  to  the  graphs.  148.2  was 
added  to  the  dB  scale. 


COMPONENT  TESTS  AND  RESULTS 

The  methods  that  were  employed  in  acoustic  testing  of  the  different  components  are 
described  in  the  following  paragraphs. 

RELIEF  VALVES 


The  relief  valves  tested  were  set  to  open  at  1000-psi  differential  pressure.  The  valves 
were  installed  as  shown  in  figure  10  and  tested  at  various  flow  rates.  To  determine  the  effects 
Of  higher  ambient  pressures  on  the  noise  output  of  hydraulic  components,  simulated  high 
ambient  pressure  tests  were  run  by  increasing  return  line  pressures  while  maintaining  a  1000- 
psi  differential  pressure  across  the  valves.  Three  pressure  relief  valves  were  tested  at  various 
return  line  pressures  to  determine  the  effects  of  the  higher  pressures  on  noise  output. 
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lugurc  10,  Test  schematic:  relief  valves. 


Relief  valve  lest  results  are  shown  in  graphs  13-101  through  13-510. 13-001  through 
13-604.  G-201  through  G-20S.  and  G-50 1  through  G-50  4  in  the  appendices. 


The  Vickers  relief  valve  was  tested  at  ivturn  line  pressures  of  0.  250.  500.  400.  450. 
and  500  psi.  Acoustic  data  (graphs  13-501  through  i>-5 1 5  of  appendix  A)  show  that  hv  in- 
creasing  the  return  line  pressure  from  0  to  250  psi.  the  low  frequency  (0-40  kHz)  noise  output 
was  reduced  considerably  but  there  was  little  effect  on  the  higher  frequencies.  There  was  no 
further  reduction  in  low  frequency  noise  output  with  increasing  pressures;  however,  the  mid¬ 
range  (40-kH?.)  noise  output  decreased  with  increasing  pressure  up  to  400  psi.  The  high  fre¬ 
quency  (140-200  kHz)  noise  output  decreased  when  the  pressure  was  increased  from  350  to 
450  psi.  There  was  no  change  in  noise  output  with  an  increase  in  pressure  from  450  to  500 
psi. 


The  Republic  relief  valve  was  tested  with  return  line  pressures  of  0.  250.  500,  and  750 
psi,  as  seen  in  graphs  13-401  through  13-408  of  appendix  A.  The  low  frequency  noise  output 
decreased  with  increasing  pressure  up  to  500  psi;  however,  there  was  little  or  no  significant 
change  in  noise  output  with  an  increase  in  return  line  pressure  from  500  to  750  psi. 
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The  acoustic  data  indicate  that  cavitation  noise  was  probably  reduced  or  eliminated  at 
pressures  above  450  psi.  It  would  also  appear  that  operations  at  depths  below  1000  feet, 
where  ambient  pressures  are  greater  than  450  psi,  will  have  much  lower  noise  levels  than  op¬ 
erations  nearer  the  surface.  All  relief  valves  were  tested  at  both  0-  and  500-psi  return  pressures 
to  determine  their  noise  output  at  the  surface  and  at  depth. 

The  results  show  inconsistencies  in  some  of  the  cut  ves  from  tests  tun  under  apparently 
similar  operating  conditions  (graphs  11-501  vs  11-5  i  I  in  appendix  A).  This  may  have  been  due 
to  dissolved  gases  in  the  hydraulic  oil  coming  out  of  solution  dining  testing.  With  less  dissolved 
gases  there  would  be  less  gaseous  cavitation  Foam  was  observed  in  the  oil  reset  voir  duimg 
testing  even  though  the  reset  voir  oil  level  was  sufficiently  high  and  the  reset  voir  was  mounted 
above  the  pump. 

The  amount  of  air  dissolved  m  the  oil  was  not  measured  during  the  tests.  Components 
tested  with  saturated  oil  mav  appear  noisier  than  those  tested  with  low  gas  content.  There¬ 
fore,  the  best  comparisons  are  made  between  components  that  were  tested  with  500-psi  return 
line  pressure. 

A  Sanders  frictional-throttling  servovalve,  mode,  number  SV-4  58-101’.  was  acoustically 
tested  in  a  relief  valve  mode:  i.c..  it  was  used  to  regulate  pressure  by  throttling  the  hydraulic 
oil  How  with  no  extreme  load.  It  was  compared  with  the  Vickers  relief  valve,  model  number 
CT-10-0-20  i turbulent-throttling).  A  comparative  evaluation  was  conducted  using  degassed 
oil  and  oil  from  an  open  reservoir. 

The  Sunders  servo  valve  and  the  Vickers  relief  valve  test  results  are  shown  in  graphs 
13-5 1  (v  through  11-554  and  15 — 10 1  through  l:— 1 10  in  appendix  11,  The  lest  results  show  that 
the  Sanders  frictional-throttling  valve  is  much  quieter  than  the  Vickers  turbulent-throttling 
vaive.  The  results  also  suggest  that  degassed  oil  makes  little,  if  any.  difference  in  the  noise  out¬ 
put  of  the  Vickers  valve  at  the  lower  Dow  rates,  but  reduces  the  noise  output  by  approxi¬ 
mately  10  dll  at  20  gpm. 

The  Sanders  set  vo  valve  and  the  Vickers  relief  valve  were  testedat  return  line  pressures 
of  0  and  500  psi.  Acoustic  data  (graphs  (*-10 1  through  (1-1  OS  of  appendix  13)  show  that  there 
is  a  large  decrease  in  noise  output  for  the  Vickers  valve  when  hack -pressured  to  500  psi.  The 
data  also  show  that  there  is  no  decrease  in  noise  output  of  the  Sanders  valve  when  hack- 
pressured.  The  Vickers  valve,  when  back-pressured  to  500  psi.  is  as  quiet  as  the  Sanders  valve 
at  5  gpm:  however,  the  Sanders  valve  is  approximately  10  on  quieter  at  the  higher  (low  rates. 

With  design  assistance  from  Richard  A.  Milroy  of  the  NSUDC  Annapolis  Laboratory, 
a  Rolamite  pressure  relief  valve  was  designed,  fabricated,  and  acoustically  tested.  In  earlier 
NSRDC  tests.  Rolamite  valves  had  proved  to  be  comparatively  quiet;  this  experience  led  to 
NOSC's  interest  in  the  valve  for  potential  use  in  submersihles.  According  to  Milroy  (reference 
4),  (he  Rolamite  valve  achieves  quid  frictional  throttling  with  none  of  the  problems  of  con¬ 
ventional  designs,  such  as  close  machining,  leakage,  extreme  tiltenug.  etc. 


4,  Milroy,  R.  A..  "KOLAMUT  Rolling-Gate  Valves”,  Nava!  Ship  Uescaieh  ami  Development  Comet 
Report  Numbei  -140% September  1 


The  Frictional-throttling  Rolamite  valve.  NOSC  drawing  number  DRS-1000  (appendix 
D).  uses  Collimated  Hole  Structure  (CIIS1.  manufactured  hy  Brunswick  Corpora  non.  as  the 
throttling  element. 

The  Rolamite  valve  was  designed  as  a  pilot-operated  tvhef \al\e.  The  pilot  stage  was 
designed  into  the  Rolamite  valve,  however,  the  pilot  stage  designed  into  toe  Rolamite  housing 
was  not  used  in  the  acoustic  tests  because  of  its  pool  performance.  The  pressure  would  oscillate 
approximately  200  psi  between  lH)0  psi  and  1 100  psi. causing  an  audible  squeal  on  the  upward 
slope  of  the  pressure  cycle.  The  pilot  stage  was  made  nonfunctional  b\  adtusttng  the  loading 
screw  to  place  a  huge  load  on  the  pilot  stage  spring,  A  remote  relief  \alve  was  connected  to 
the  control  port  and  used  as  a  remote  pilot  stage  i  figure  1 1),  the  Rolamite  \  a  hr  then  operated 
steadily.  The  remote  relief  valve  was  not  submerged  during  the  acoustic  tests  and  it  did  not 
contribute  to  the  acoustic  output  of  the  Rolamite  valve. 


REMOTE 

pilot 

VALVE 


HYDRAULIC 

TEST 

STAND 


Li 


~ — n 
TUl 


ROl  AMITE  VALVE 


Figure  1 1.  Rolamite  valve  test  airangomenl. 


Civaphs  U-oOl  through  B-004  in  appendix  R  show  that  the  Rolamite  valve  had  its 
highest  acoustic  output  at  10  gpm  and  was  quieter  at  the  higher  How  rates.  This  charaetenstic 
may  be  due  to  the  arrangement  of  the  ('US  throttling  elements  (appendix  01.  .As  shown  m 
appendix  O.  the  two  throttling  elements  are  separated  by  a  plenum  rmg  forming  a  plenum 
chamber,  blow  through  the  elements  is  regulated  by  the  amount  the  band  is  uncovered  on  the 
first  element.  For  all  How  rates,  the  flow  area  of  the  second  element  remains  the  same  There¬ 
fore.  the  pressure  drop  across  the  second  element  vanes  proportionally  with  the  flow,  the 
higher  the  flow,  the  greater  the  pressure  drop.  The  second  element  is  effective  at  the  higher 
flow  rates  ami  not  at  the  low  rates.  However,  at  10  gpm.  the  second  element  may  not  haw 
enough  effect  over  the  increased  turbulence  to  Keep  the  noise  level  as  low  as  it  is  at  5  gpm. 
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C%«lphst»-201  through  C-.HM  (appendix  O  ciearb  show  that  the  Uola.uitc  valve  \s 
much  quictei  wav  the  surface  than  the  Vickers  relief  valve  at  normal  operating  conditions. 

Ciaphs  CY05  through  C- '(hSshovv  that  at  htghci  ambient  ptvssmes.  where  cavitation 
is  reduced  in  the  Vvckeix  valve,  the  difference  is  nnidi  less,  however,  the  Rotauuie  valve  still 
is  qwwter. 

fvraphs  V  oU I  throngh  d-eOd  (appendix  Cl  show  that  the  Rolannte  is  generallv 
quieter  than  the  Sandeis  soon  valve  exeepi  at  fiequeiuies  above  10  kll?  for  the  10-gpni  How 
rates,  and  above  loti  kll?  at  the  CO-gpui  flow  rates 

MOTORS 


.  i  ■ 


I'he  hydraulic  motois  were  tested  at  various  power  levels  to  simulate  the  loading 
characteristics  of  the  subineisible  propulsion  units.  To  simulate  propelloi  loading  without 
dealing  the  usual  pivpeller  turbulence.  1  lb-inch  thick  aluminum  disks  vveie  attached  to  the 
motor  shafts  (figure  1  if  A  tachometei  sending  unit  was  also  attached  to  the  shaft  to  monitor 
shall  tpm  Several  disks  having  different  diatueteis  were  available,  l-aeh  disk  was  experimen¬ 
tally  calibrated  to  determine  the  toivpie  required  to  ivitate  it  at  a  given  ipnt  while  submerged 
in  water  The  toivpie  vs  tpm  curves  of  the  various  disks  vveie  used  to  select  a  propelloi  simula¬ 
tor  that  would  pieseut  the  pioper  amount  of  loading  for  a  given  motor. 
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Figure  IT  Vest  schenwue  motors. 


Several  motors  were  tested  whu  h  would  have  uspuved  speed  ledtuvcs  to  tuatelt  toe  prope 
drive  requirements,  hence  the  need  lot  disks  vtrviiu;  several  speed  toivp..  »r»rves  l  lu  horse 
newer  tetpured  to  dree  the  disks  at  rations  tpms  was  calculated  trout  she  totvjne  and  >!'"> 
data,  and  aim's  ot  hots-epowei  vs  rpm  we  tv  plotted.  1‘Ue-se  data  atv  \ '-resented  m  ti^ures  Is 
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Eigvuc  IS,  TfcSt  schematic  pumps. 


SERVO  VALVES 

The  servo  valves  were?  initially  tested  by  connecting  their  control  pons  together,  as 
shown  in  figure1  16.  and  connecting  the  1000-psi  pressure*  across  the  valve.  Hydraulic  flow 
through  the  valve  was  adjusted  by  varying  the  electrical  supply  voltage.  This  method  of  test¬ 
ing  did  not  simulate  the  actual  use  conditions.  The  full  1000-psi  pressure  was  being  dropped 
across  ports  Cl  and  02. 500  psi  at  each  port.  In  the  actual  system,  the  1000-psi  pressure?  drop 
would  be  divided  between  the  hydraulic  motor  and  the  servo  valve ;  the  pressure?  drops  across 
each  would  depend  on  the  amount  of  flow  through  the  v  alve  to  the  motor.  In  the  “final 
system"  test  t figure?  1 7L  the  control  ports  were  eouneeted  to  a  hydraulic  motor.  Tan  of  the 
1000-psi  pressure  drop  then  occunvd  across  the  hydraulic  motor,  and  part  occurred  across 
the  rabw  The  measured  noise  output  was  taken  as  the  combined  noise  output  of  the  motor 
and  the  servo  valve.  The  aluminum  disk  propeller  simulator  was  mounted  on  the  motor  shaft 
to  load  the  motor  without  creating  the  turbulence  and  thrust  inherent  in  a  rotating  propeller. 


Results  of  the  servo  valve  tests  are  shown  in  graphs  E-IOI  through  E-3 10  of  appendix 
A.  Test  results  of  servo  valves  and  motors  in  the  final  test  configuration  are  shown  in  graphs 
1*— 101  through  F— 4 1 3  of  appendix  A.  In  this  configuration,  the  highest  noise  levels  were  pro¬ 
duced  at  low  motor  rpm  where  the  largest  pressure  drop  occurred  across  the  servo  valve.  When 
the  motors  were  run  at  the  higher  speeds,  more  pressure  was  dropped  across  the  motors, 
resulting  in  lower  noise  outputs.  The  Olscn-WSl  combination  exhibited  the  lowest  noise  out¬ 
put  and  was  selected  for  use  on  RUWS. 


COMPONENTS  SELECTED  FOR  USE  ON  RUWS 

The  components  selected  for  the  initial  construction  of  the  vehicle  in  1073.  after  the 
first  component  acoustic  lest  series  in  the  doughboy  swimming  pool  were  done,  were: 

1.  Vickers  pump 

2.  Vickers  relief  valve 

3.  Olsen  servo  valves 


I 


4.  Washington  Scientific  Industries  motors 


The 

types  of  pump*  tested  included  the 

following- 

IHMP 

TYPb 

DlSPIAC'lWO  Nf 

W'HGltT 

Vickers 

\  ane,  fixed- 
displacement 

20  gpm 

24 

Hotg-Warnei 

Ueai  lived- 
displacement 

24  gpm 

A  ** 

Del  aval 

Screw 

10  gpm  <« 

1000  psi 

121 

Racine 

\  ane.  piwsutv- 
cont  pens,  tied 

1 2  gpm  v 

0  psi 

n  ' 

Hydiitsiai 

Dear.  ftxed- 
dtsplaeement 

20  gpm 

Oil 

l  ost  results  a iv  shown  m  giaphs  0-101  through  0-404  of  appendix  A  fhe  Del  aval  pump 
wav  the  uuiolext  pump  tested  However.  ii  liad  high  internal  leakage  and  u  was  also  the  heavi¬ 
est  pump  tested 

Vim  Tickets  pump  wav  oiigmallv  selected  hu  ROWS  This  pmnp  was  also  tested  with 
SOO-psi  inlel  ptvssmv,  which  resulted  in  a  siguifieantlv  lowei  acoustic  output,  how evei.  the 
acoustic  output  lor  that  test  was  recorded  only  up  to  100  kll?.  Vhe  ivduetion  in  acoustic 
output  is  probablv  due  to  a  tvdueiion  in  internal  and  inlet  cavitation  muse. 

Vhe  Racme  pump  was  oiigmallv  tested  oniv  to  evaluate  that  type  ot  pump,  a  pressure- 
compensated.  vauahle-displaeement  design  It  has  a  lowei  acoustic  output  than  am  lixed- 
displacetnenl  vane  pmnp  tested 

Labotaioty  operatioit  of  the  ROWS  system  lias  since  shown  that  changes  in  electueal 
load  at  the  vehicles  aiv  tolerable  A  pivsMuv-eompensated.  variable-displacement  pump  would 
thetv'Unv  oiTera  significant  noise  reduction.  In  addition,  its  ttse  would  eliminate  the  (low 
through  the  tvlieV  valve  and  Hit-  inherent  noise  earned  by  the  throttling  of  the  flow 

A  Uydrastar  |mmp.  model  MU-200.  manufaetmvd  b\  llaitnim  ('oipoiation.  also  was 
acoustically  tesUd,  This  pump  was  diivet-oouplod  to  a  1  '50-ipm  Of  electric  motoi  and  um 
in  the  oil-i'illed  motor  pump  container  t  he  tests  were  conducted  m  June  D>~5  at  the  N'OSs' 
snltwatei  test  pool,  f  Staphs  D-501  through  D-502  show  that  the  llv  diastar  pump  is  quick's! 
at  a  500-psi  load,  and  noisiest  at  no  load  t0  psiJ 

vha i'll  0-401  shows  that  the  Vickers  pump  is  quieter  than  the  llvdras.ar  pump  up  to 
20  kll?. above  20  kll?.  the  llydiastar  pump  is  quieter 

tiiaph  c '-50 1  shovvs  that  the  Raeine  Mipetvane  pump  is  quieter  than  the  Hvdiastai 


pump 


After  installation  and  checkout.  tlio  vehicle  was  acoustically  tested  with  the  hydro¬ 
phone  mounted  on  the  front  of  the  foam  pack  where  the  vehicle  search  sonar  (VSS)  ultimate¬ 
ly  would  he  mounted.  Testing  was  done  in  Kaneohe  Hay.  and  sea  level  measurements  were 
recorded.  To  simulate  1000-foot  depth  operations,  the  hydraulic  system  was  pressurized  to 
500  psi.  The  results  are  shown  in  figure  IS. 

Since  1 073,  when  the  hydraulic  components  were  selected,  component  acoustic  tests 
have  continued.  Because  of  the  new  OS1IA  regulations  on  noise  in  the  working  environment, 
hydraulic  component  manufacturers  have  Been  expending  greater  efforts  in  designing  quieter 
hydraulic  components.  Quiet  hydraulics  development  has  also  been  continuing  at  Navy 
laboratories. 

Component  acoustic  tests  have  continued  on  pumps  and  valves  which  were  the  major 
noise  producers.  Commercial  pumps  advertised  by  the  manufacturers  to  be  quiet  were  tested, 
as  were  valves  incorporating  quiet  throttling  techniques.  As  a  lesult  of  these  continuing  tests 
a  new  Silentvane  model  Racine  pump  has  been  selected  to  icplace  the  Vickers  vane  pump. 


Figure  IS.  litcci  lohydiaulic  acouslie spectrum  lot  KUW’S. 
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CONCLUSIONS 


There  are  several  mechanisms  of  noise  generation  in  hydraulic  systems.  The  major 
mechanisms  are  cavitation,  machinery  and  fluid  flow. 


In  hydraulic  components  and  systems  of  which  noise  was  not  a  design  consideration, 
cavitation  could  be  the  most  serious  noise  source.  Cavitation  occurs  when,  at  some  point  in 
the  system,  the  local  pressure  is  less  than  the  vapor  pressure  of  the  hydraulic  fluid  and  bubbles 
are  formed.  This  can  occur  in  areas  of  high  velocity  Hosv  and  intense  turbulence.  Then,  at  a 
point  downstream,  the  pressure  rises  above  the  vapor  pressure  and  the  bubble  collapses 
(implodes)  producing  broad  band  noise  extending  from  the  audible  into  the  inaudible  fre¬ 
quency  ranges. 

By  maintaining  the  pressure  throughout  the  system  at  a  level  high  enough  that  even  in 
areas  of  intense  turbulence  the  local  pressure  does  not  drop  below  the  vapor  pressure  of  the 
fluid,  cavitation  would  be  eliminated.  The  components  tested  showed  a  reduction  in  noise 
output  when  return  line  pressures  were  maintained  above  450  psi.  This  is  the  condition  of 
submersible  hydraulic  systems  that  have  reservoirs  compensated  to  ambient  pressure  in  the 
deep  ocean.  It  may  also  be  accomplished  with  a  closed  system  with  a  sealed  reservoir  pressur¬ 
ized  to  450  psi. 

Hydraulic  components  are  being  designed  and  produced  without  a  tendency  for  cavi¬ 
tation.  Sharp-edged  orifice  valves  are  highly  susceptible  to  cavitation  because  of  the  high  fluid 
velocities  and  turbulence  on  the  exit  side  of  the  orifice.  Several  throttling  techniques 
using  small-cross-section  multiple  paths  are  presently  employed  by  manufacturers  making 
quiet  throttling  valves.  These  techniques  keep  flow  velocities  and  turbulence  at  levels  which 
do  not  produce  eavit  ,ion. 
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APPENDIX  A 


GRAPHS 


TEST  DATA  OF  FIRST  TEST  SERIES 


This  appendix  presents  the  results  of  the  first  series  of  acoustic  tests,  depicted  by 
noise  profile  graphs  for  each  of  the  components  and  specified  test  conditions.  The  decibel 
scales  for  all  graphs  have  a  reference  of  1  microPasca!  per  hertz  per  yard  (dB//jul*a/I Ix/ytl"). 
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RETURN  PRESSURE  -  600  PSI 

FLOW  TO  VALVE/MOTOR  -  6  GPM 

MOTOR  RPM  -  202  RPM 

DISK  DIAMETER  -  3S.75  IN 

F-209 


|B« 


Frequency  (kHz) 

Frequency  (kHz) 

SERVO  VALVE  &  MOTOR  -  MOOR  35  Si  WSl 

SERVO  VALVE  Si  MOTOR  -  MOOG  35  S,  WSl 

INLET  PRESSURE  - 

IBOO  PSI 

INLET  PRESSURE - 

1500  PSI 

0, PRESSURE  - 

i  t  CO  PS  I 

C,  PRESSURE  ~ 

1100  PSI 

Cj  ;•  i'  SSURE- 

900  PSI 

Cj  PRESSURE  - 

950  PSI 

R67  "*N  PRESSURE  - 

500  PSI 

RETURN  PRESSURE  - 

800  PSI 

PLOW  TO  VALVE/MOTOR 

-  0.5  GPM 

PLOW  TO  vaLve/motor 

-  1  GPM 

MOTOR  RPM  - 

30  RPM 

MOTOR  RPM  - 

60  RPM 

DISK  DIAMETER  - 

35,75  IN 

DISK  DIAMETER  - 

35.78  IN 

80  120 
Frequency  (kHz) 


SERVO  VALVE  &  MOTOR  -  MOQG  3B  $  WSl 
INLET  PRESSURE-  1000  PSI 

G|  PRESSURE  —  1 150  PSI 

Cj  PRESSURE  -  800  PSI 

RETURN  PRESSURE  -  BOO  PSI 

PLOW  TO  VALVE/MOTOR  -  1 ,0  GPM 
MOTOR  RPM  -  90  RPM 

DISK  Dl  AMETER  -  35,75  i  N 


200  0 


Frequency  (kHz) 


SERVO  VALVE  8  MOTOR  -  MOQG  36  &  WSl 
INLET  PRESSURE  -  IBOO  PSI 

Q\  PRESSURE  -  1300  PS! 

Cj  PRESSURE  -  SOO  PSI 

return  pressure  -  ooo  Psi 

t  I  OW  TO  VALVE/MoT  OR  -  t  ,8  GPM 
MOTOR  RPM-  1 80  R  PM 

DISK  DIAMETER  -  36,75  IN 


|!^Q| 

_ 1 _ 1 - 1 - 

40  80 

Frequency  (kHz) 

Frequency  (kHz) 

SERVO  VALVE  Sc  MOTOR 

-  MOOG  35  8c  WSI 

SERVO  VALVE  Sc  MOTOR 

-  MOOC.  35  &  WSI 

INLET  PRESSURE- 

1500  PSI 

INLET  PRESSURE  - 

1500  PSI 

Ct  PRESSURE  — 

1225  PSI 

G| PRESSURE  ~ 

1250  PSI 

C2  PRESSURE  - 

775  PSI 

C2  PRESSURE  - 

700  PSI 

RETURN  PRESSURE- 

500  PSI 

RETURN  PRESSURE  - 

500  PSI 

FLOW  TO  VALVE/MOTOR  -  2.0  GPM 

FLOW  TO  VALVE/MOTOR  -  3.2  GPM 

MOTOR  RPM  - 

150  RPM 

MOTOR  RPM  - 

180  RPM 

DISK  DIAMETER  - 

35.75  IN 

DISK  DIAMETER  - 

35.75  IN 

Frequency  (kHz) 


Frequency  (kHz) 


SERVO  VALVE  &  MOTOR  -  MOOG  35  &  WSi 


SERVO  VALVE  Sc  MOTOR  -  MOOG  35  81  WSI 


INLET  PRESSURE - 

1600  PSI 

INLET  PRESSURE  - 

1500  PSI 

G) PRESSURE  - 

1200  PSI 

0(  PRESSURE  - 

1360  PSI 

Cj  PRESSURE  - 

600  PSI 

02  PRESSURE  - 

600  PSI 

RETURN  PRESSURE  - 

600  PSI 

RETURN  PRESSURE  - 

500  PSI 

FLOW  TO  VALVE/MOTOR 

-  5.8  GPM 

FLOW  TO  VALVE/MOTOR 

-  4.1  GPM 

MOTOR  RPM  - 

210  R  PM 

MOTOR  RPM  - 

240  RPM 

TiSK  DIAMETER  - 

35.75  IN 

DISK  DIAMETER  - 

35.75  IN 

Frequency  (kHz) 


SEf  •  s't  VALVE  &  MOTOR  -  MOOG  35  &  WSI 


INLET  PRESSURE  -  1500  PSl 

C)  PRESSURE  —  1450  PSl 

C2  PRESSURE  -  GOO  PSl 

RETURN  PRESSURE  -  500  PSl 

PLOW  TO  VALVE/MOTOR  -  0  GPM 

MOTOR  RPM  -  570  RPM 

DISK  DIAMETER  -  38.75  IN 

F-309 


T 
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160 

MM 

Frequency  (kHz) 

SERVO  VALVE  &  MOTOR  -  OLSEN  &  WSI 

Frequency  (kHz) 

SERVO  VALVE  &  MOTOR  -  OLSEN  &  WSI 

INLET  PRESSURE  — 

1000  PSI 

INLET  PRESSURE  - 

1000  PSI 

C,  PRESSURE  - 

580  PSI 

C1 PRESSURE  « 

700  PSI 

C2  PRESSURE  - 

450  PSI 

C2  PRESSURE  - 

500  PSI 

RETURN  PRESSURE  - 

100  PSI 

RETURN  PRESSURE  - 

125  PSI 

PLOW  TO  VALVE/MOTOR 

-  0  GPM 

FLOW  TO  VALVE/MOTOR 

-  2  GPM 

MOTOR  RPM  - 

ORPM 

MOTOR  RPM  - 

144  RPM 

DISK  DIAMETER  - 

05,75  IN 

DISK  DIAMETER  - 

35.75  IN 

iSUIMSBiB 

igganMaiKin 


miggwni 

Ijii 


160 

Frequency  (kHz) 

SERVO  VALVE  &  MOTOR  -  OLSEN  &  WSI 

Frequency  (kHz) 

SERVO  VALVE  &  MOTOR  -  OLSEN  &  WSI 

INLET  PRESSURE  ~ 

1000  PSI 

INLET  PRESSURE  - 

1125  PSI 

Ci PRESSURE  - 

950  PSI 

Ci  PRESSURE  - 

1000  PSI 

C2  PRESSURE  - 

150  PSI 

C2 PRESSURE  - 

125  PSI 

RETURN  PRESSURE  - 

125  PSI 

RETURN  PRESSURE  - 

125  PSI 

FLOW  TO  VALVE/MOTOR 

-  4,8  GPM 

FLOW  TO  VALVE/MOTOR 

-  4.9  GPM 

MOTOR  RPM  - 

252  RPM 

MOTOR  RPM  - 

276  RPM 

DISK  DIAMETER- 

35.75  IN 

DISK  DIAMETER- 

35.75  IN 

I 


BasssiS 


Frequency  (kHz) 

SERVO  VALVE  S  MOTOR  -  OLSEN  &  WSI 

Frequency  (kHz) 

SERVO  VALVE  &  MOTOR  -  OLSEN  8,  WSI 

INLET  PRESSURE- 

1250  PSI 

INLET  PRESSURE- 

1 500  PSI 

Ci PRESSURE  - 

1150  PSI 

Ci  PRESSURE  - 

1200  PSI 

C2  PRESSURE  - 

150  PSI 

Cj  PRESSURE  - 

850  PSI 

RETURN  PRESSURE- 

100  PSI 

RETURN  PRESSURE  - 

500  PSI 

FLOW  TO  VALVE/MOTOR  - 

-  5  GPM 

FLOW  TO  VALVE/MOTOR  - 

2  GPM 

MOTOR  RPM  - 

300  RPM 

MOTOR  RPM  - 

108  RPM 

DISK  DIAMETER- 

35.75  IN 

DISK  DIAMETER  -  35.75  IN 

■HU 


h\ 


Frequency  (kHz) 

Frequency  (kHz) 

SERVO  VALVE  &  MOTOR  -  OLSEN  &  WSI 

SERVO  VALVE  &  MOTOR  -  OLSEN  Ri  WSI 

INLET  PRESSURE  - 

1500  PSI 

INLET  PRESSURE  - 

1500  PSI 

Ci  PRESSURE  - 

1200  PSI 

Ci PRESSURE  - 

1100  PSI 

C2 PRESSURE  - 

800  PSI 

C2 PRESSURE  - 

900  PSl 

RETURN  PRESSURE  - 

500  PSI 

RETURN  PRESSURE  - 

500  PSI 

FLOW  TO  VALVE/MOTOR 

-  2.5  GPM 

FLOW  TO  VALVE/MOTOR 

-  2.GGPM 

MOTOR  RPM  - 

150  RPM 

MOTOR  RPM  - 

156  RPM 

DISK  DIAMETER  - 

35.75  IN 

DISK  DIAMETER  - 

35.75  IN 

110 


100 
90 
80 
70 
60 
50 
40 
30 

0  40  80  120  160  200 

Frequency  (kHz) 


SERVO  VALVE  &  MOTOR  -  OLSEN  &  WSI 
INLET  PRESSURE-  1500  PSI 

Ci  PRESSURE  —  1400  PSI 

C2  PRESSURE  -  750  PSI 

RETURN  PRESSURE  -  500  PSI 

FLOW  TO  VALVE/MOTOR  -  5  QPM 

MOTOR  RPM  -  276  RPM 

DISK  DIAMETER  -  35,75  IN 

F-413 


iiSiaSS 


Frequency  (kHz) 

Frequency  (kHz) 

FLOW  —  5  GPM 

flow  -  10  gpm 

Frequency  (kHz) 

Frequency  (kHz) 

FLOW  -  15  GPM 

FLOW -20  GPM 

B-318 

B-319 

VICKERS  RELIEF  VALVE  =CT-10C-20 

INLET-  1000  PSI 

RETURN-  OPS! 

LOCATION  -  V>  SALTWATER  TEST  POOL 

Frequency  (kHz) 


Frequency  (kHz) 


130 


dB 


0  40  80  120  160  200 


Frequency  (kHz) 


0  40  80  120  160  200 

Frequency  (kHz) 


FLOW  -  5  GPM 
8-324 


FLOW  -  10  GPM 
B-325 


dB 
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0  40  80  120  160  200  0  40  80  120  160  200 


Frequency  (kHz) 


Frequency  (kHz) 


FLOW  -  15  GPM 
6-326 


FLOW -20  GPM 
B  32? 


VICKERS  RELIEF  VALVE  NO.  CT-10  C-20 
INLET  -  1500  PSI 
RETURN  -  500  PSI 

LOCATION  -  NUC  SALTWATER  TEST  POOL 


78 


Frequency  (kHz) 


Frequency  (kHz) 


35! 


LOCATION  -  NUC  SALTWATER  TEST  POOL 


130 


Frequency  (kHz) 


Frequency  (kHz) 


FLOW  —  5  GPM 
B-33G 


FLOW  -  10  GPM 
B-337 


FLOW  -  15  GPM 
6-338 


0  40  80  120  160  200 


Frequency  (kHz) 

FLOW -20  GPM 
B-339 


VICKERS  RELIEF  VALVE  (DEGASSING  vs  BACK-PRESSURING! 

DEGASSED  OIL  vs  BACK-PRESSURED 

INLET- 1000  PSI  INLET-  1500  PSI 

RETURN  -OPSI  RETURN  -  500  PSI 

LOCATION  -  NUC  SALTWATER  TEST  POOL 
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Frequency  (kHz) 

FLOW  -  J5GPM 
E-412 


Frequency  (kHz) 


FLOW  -  20  crv, 

e-413 


SANDERS  SERVO  VALVE  NO.  SV^38-10P  (BACK-PRESSURING! 
INLET-  1000  PSi  vs  INLET- 1500  PSI 


INLET  -  1000  PSi 
RETURN -0  PSI 


INLET  -  1500  PSI 
RETURN -500  PSI 


LOCATION  -  NUC  SALTWATER  TEST  POOL 


200  0 


Frequency  (kHz) 

FLOW  -  5GPM 


Frequency  (kHz) 

FLOW  -  10GPM 


40  80  120 

Frequency  (kHz) 

Frequency  (kHz) 

FLOW-  15GPM 

FLOW  —  20  GPM 

G-103 

G-104 

COMPARATIVE  DATA  (VICKERS  vs  SANDERS  VALVES) 

VICKSRS  vs 

SANDERS 

INLET  -  1500  PSI 

INLET  -  1000  PSI 

RETURN- 500  PSI 

RETURN -0  PSI 

LOCATION  -  NUC  SALTWATER  TEST  POOL 

APPENDIX  C 


TEST  DATA  OF  THIRD  TEST  SERIES 


GRAPHS 

This  appendix  presents  the  results  of  the  third  series  of  acoustic  tests,  depicted  by 
noise  profile  graphs  for  each  cf  the  components  and  specified  test  conditions.  The  decibel 
scales  for  all  graphs  have  a  reference  of  I  microPaseal  per  hertz  per  yard  (dB///iPa/Hz/yd). 
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Frequency  (kHz) 


Frequency  (kHz) 


\i- 


Frequency  (kHz) 

Frequency  (kHz) 

FLOW  -  S  GPM 

FLOW  -  10  GPM 

[issazi 


Itr^ 


SSi\l 


Frequency  (kHz) 

Frequency  (kHz) 

FLOW  -  IS  GPM 

FLOW  -20  GPM 

G-20? 

G-20S 

COMPARATIVE  DATA  (ROLAMITE  vs  VICKERS) 

ROLAMITE 

VICKERS 

INLET  -  1000  PSI 

1500  PSI 

RETURN -OPSI 

500  PSI 

LOCATION  -  NUC  SALTWATER  TEST  POOL 

APPENDIX  D 

NOSC  ROLAMITE  VALVE  DESIGN 

A  Rolamite  vahc  was  designed  and  tested  by  t he  Naval  Ocean  Systems  Center.  Hawaii 
Laboratory.  The  valve  is  shown  in  figures  D-l  and  D-2:  design  details  are  contained  in  the 
NOSC  drawing  DRS-l  000  (3  sheets). 


